Contemporary molecular genetic analysis methods have not been used to study large samples of carriage isolates of group A Streptococcus. To determine the emm types causing asymptomatic carriage and pharyngitis in a closed population, we analyzed 675 isolates recovered from a population-based surveillance study of 10,634 recruits at Lackland Air Force Base, Texas, during 4 months in 1993-1994. Strains with emm1 and emm6 alleles accounted for only 22% of the isolates recovered from asymptomatic recruits at entrance to training. However, these 2 emm types caused 69% of the pharyngitis cases identified during training and represented 51% of the isolates recovered from the throat on exit from training. Sequence analysis of the hypervariable sic gene documented that distinct emm1 subclones disseminated in specific training groups called flights. The preferential increase in the prevalence of emm1 and emm6 isolates during the 6-week training period indicates an enhanced ability of these strains to disseminate and cause disease in this population.
Group A Streptococcus (GAS) is a gram-positive pathogen that causes a wide variety of human infections. The most common of these are pharyngitis (strep throat) and impetigo, with ∼10 million cases occurring annually in the United States [1] . GAS can also cause invasive disease. In 2001, there were ∼9950 cases of severe invasive infections caused by GAS, including bacteremia, pneumonia, necrotizing fasciitis, and streptococcal toxic shock syndrome [2] . Streptococcal infections can also result in noninfectious sequelae such as acute rheumatic fever and acute glomerulonephritis.
GAS strains commonly are classified on the basis of antigenic variation in the M protein encoded by the branch of the US military has an antibiotic prophylaxis regimen for its trainees; however, outbreaks of GAS still occur [17] [18] [19] . Several studies have examined the distribution and prevalence of GAS in these populations [20] [21] [22] [23] [24] [25] , but none has combined population-based sampling with contemporary molecular genetic analyses. As part of the epidemiological response to 3 cases of invasive GAS disease at Lackland Air Force Base (LAFB) in San Antonio, Texas [8, 26] , a GAS surveillance study was conducted over a 4-month period. The recovery of 675 GAS isolates from asymptomatic carriers and recruits with pharyngitis provided a unique opportunity to study the dynamics of subclone dissemination in this closed population.
SUBJECTS, MATERIALS, AND METHODS
Study population. The 675 GAS isolates were collected between 1 November 1993 and 1 March 1994 from 10,634 Air Force trainees enrolled in basic training at LAFB in San Antonio, Texas. An extensive description of the study population has been published elsewhere [26] . In brief, all Air Force enlisted personnel receive initial instruction during an ∼6-week basic training program conducted at LAFB. There are exactly 30 training days within the 6-week period-weekends and holidays are not counted toward training time.
Within 1-3 days after arrival at LAFB, recruits are assembled into "flights" composed of ∼50 individuals. Squadrons consisting of ∼16 flights (∼800 individuals) are assigned to a single dormitory that houses only the recruits from that squadron. In addition to separate housing, each squadron has distinct areas for physical conditioning training, dining, laundering clothes, and classrooms. Hence, there is little intersquadron contact of personnel during training. Individual flights sleep in large open bays with single or bunk beds ∼2 feet apart from each other. The beds are arranged in an alternating head-totoe pattern that was designed to decrease the potential for transmission of upper respiratory infections [23] [24] [25] . Over the 4 months of the surveillance study, 192 flights (48 female and 144 male) representing 6 different squadrons trained at LAFB. The 675 GAS isolates were obtained from individuals in 113 of 192 flights-85 male, 23 female, and 5 composite flights (i.e., flights made up of one sex but with recruits who began training at different times).
Bacterial isolates and antibiotic prophylaxis. Detailed methods describing the recovery, identification, culture, and storage of GAS for the present study have been published elsewhere [26] . All recruits who started training between 1 November 1993 and 1 March 1994 had throat cultures taken on day 2 (10,634 recruits) and on day 30 (9501 recruits) of training. Recruits presenting to the clinic with pharyngitis had a throat culture done, and organisms recovered from these patients were designated as clinic-positive isolates (CPIs). All clinic-positive recruits received standard antibiotic treatment consisting of either a 10-day course of penicillin or a single intramuscular injection of benzathine penicillin, depending on the amount of time the recruit had left in training. A 10-day course of erythromycin was administered to those recruits who reported being allergic to penicillin. In addition, surveillance throat cultures were obtained from all members of a flight when у3 individuals in the flight reported to sick call with pharyngitis within a 7-day period. These organisms were designated as positive-during-training surveillance (PDTS) isolates. If GAS was isolated from 110% of the members of the surveyed flight, all members were given an injection of benzathine penicillin or oral erythromycin. GAS isolates labeled with specimen number and date were stored at Ϫ80Њ in sterile skim milk.
DNA purification. Isolates were grown on brain-heart infusion agar (Difco Laboratories) overnight at 37ЊC in a 5% CO 2 /20% O 2 atmosphere. Chromosomal DNA was prepared using the Puregene DNA extraction kit (Gentra Systems). All steps of DNA extraction were done according to the manufacturer's instructions, except that mutanolysin (final concentration, 80 U/mL; Sigma Chemical) was substituted for the lytic enzyme solution during the cell lysis portion of the procedure.
GAS gene characterization. PCR amplification of the emm and sic genes was conducted as described elsewhere [27] [28] [29] [30] . Unincorporated nucleotides and primers were separated from amplified DNA with a QIAquick 96 PCR purification kit (QIA-GEN). Sequencing reactions were done with the BigDye terminator cycle-sequencing ready-reaction kit (PE Applied Biosystems). The unincorporated dye terminators and primers were separated from the extension products by spin-column purification in a 96-well format (Centri-Sep). All genes were sequenced with a Prism 3700 capillary DNA analyzer (PE Applied Biosystems). The sequence data were edited with Sequencher software (version 3.1.1; Gene Codes).
The emm sequences were used to search 2 Internet databases. Preliminary identification was achieved with the BLAST database, which is maintained by the National Center for Biotechnology Information (available at: http://www.ncbi.nlm .nih.gov/BLAST/). A basic BLAST search was used to identify the emm sequence with the highest concordance to the emm sequence obtained from each strain. This preliminary emm type was verified by comparison with a Centers for Disease Control and Prevention (CDC) reference emm sequence using the ALIGN program (DNASTAR). Reference strain sequences are available from the CDC at http://www.cdc.gov/ncidod/biotech/ strep/emm types.html. To be identified as a particular emm type, emm sequences had to have 198% concordance with the emm sequence of the CDC reference strain. Sequences that were unidentifiable through the NCBI database were sent to the CDC for identification at the following Web site: http://www.cdc.gov/ ncidod/biotech/strep/strepblast.html. sic alleles were identified by comparing the sic sequence data with our database of 304 unique sic sequences. This database includes 296 unique sic sequences that have been deposited in Genbank (accession numbers AF232306-AF232601).
Statistical analysis. Fisher's exact 2-tailed test was used to assess differences between groups. Statistical calculations were done with SAS software (SAS Institute).
RESULTS
Distribution of emm alleles at the beginning and end of training. The LAFB recruits were drawn from throughout the United States and, hence, represented a large, geographically diverse population of healthy young adults. GAS-positive throat cultures identified in the 4-month carrier study included those from recruits on entrance to basic training (day 2, n p 141 isolates) and on exit from basic training (day 30, ison p 330 lates). To determine the prevalence of specific emm types represented at entrance and exit from training, the 5 hypervariable portion of the emm gene was sequenced in the 471 isolates. A heterogeneous array of emm types was represented. Thirty emm types were present in the day-2 sample of GAS isolates (figure 1), and the most prevalent emm types (listed in descending order) were emm1, emm12, emm89, emm77, emm6, emm11, and emm4. There also was considerable diversity in the isolates recovered at the end of training, with 28 distinct emm types identified (figure 1). Twenty-three of 28 emm types were identical to those present in the day 2 sample. The similarity in the emm types represented between the 2 groups is attributable almost completely to the occurrence of the same emm type in isolates from 69 of 141 individuals on days 2 and 30. These 69 pairs of isolates represent 22 of 23 emm types shared between the 2 groups. Their recovery from the same individuals at the beginning and end of training suggests that these recruits were persistently colonized throughout their training.
The relative abundance of several emm types differed significantly between the day-2 and day-30 samples. For example, the number of emm12 isolates decreased significantly, from 11% of the day-2 isolates to 5% of the day-30 isolates ( ). P p .019 Similarly, the number of emm77 isolates decreased significantly, from 7% on day 2 to 3% on day 30 ( ). The most P p .029 striking difference in the emm type distribution between the beginning and end of training was the increase in the frequency of occurrence of emm6 isolates. Isolates of this emm type increased from 5% of the day-2 cultures to 31% of the day-30 strains (
). Together with emm1 organisms, Ϫ11 P p 2.43 ϫ 10 emm6 bacteria accounted for more than half (51%) of the strains recovered from individuals at the end of training (on day 30) . No other emm type demonstrated a significant increase in prevalence between the 2 samples. In the aggregate, the data indicate that a large array of emm types was present at the beginning and end of training, but only 1 increased significantly in frequency.
Distribution of emm alleles in pharyngitis and surveillancepositive isolates. GAS isolates recovered during training included organisms cultured from recruits presenting to the clinic with pharyngitis (CPI, ) and organisms identified in n p 124 surveillance throat cultures obtained because of an increase in cases of pharyngitis (PDTS, ) [26] . We sequenced the n p 80 emm gene in these 204 isolates, to determine the emm types causing disease in this population and whether the increase in frequency of occurrence of emm6 isolates in the day-30 cultures was mirrored by an increased presence in the clinical isolates and the sample obtained from GAS-positive throat carriers. Thirteen emm types were found among the 124 CPIs (figure 1), all of which were present among organisms identified in the day-2 isolates. Nine emm types were present among the PDTS isolates (figure 1). The majority of the isolates in both groups was emm6, which, together with emm1, accounted for 69% of the CPI isolates and 83% of the PDTS cultures. These data indicate that only certain emm types present in the population of recruits at the start of training were represented in the isolates that caused disease and that these emm types were also abundant in the population of carriers surveyed during training.
Identification of emm6 allelic variants.
To determine whether isolates marked by specific emm6 alleles had increased in prevalence during the course of training, we compared the emm gene sequences from the 211 emm6 isolates with the 9 emm6 reference alleles available from the CDC (http://www .cdc.gov/ncidod/biotech/strep/emm types.html). Virtually all (206/211 [98%]) of the isolates were emm6.1. Five isolates had different emm6 alleles. Two isolates were emm6.5, and 1 isolate was emm6.9. These alleles differ from emm6.1 by the insertion (emm6.5) or deletion (emm6.9) of a 21-bp sequence in the A repeat region [31] . Two isolates were marked by alleles not previously identified. One allele, emm6.10, differed from emm6.1 by the insertion of a 42-bp sequence at nt 677 (numbering as in [31] ) in the A repeat region, and emm6.11 differed from emm6.1 by a TrC change at nt 636 that resulted in the replacement of Tyr 63 with His 63 at amino acid residue 63. Of the 5 isolates, 1 was recovered on day 2 of training, the other 4 were recovered on day 30, and all 5 isolates were recovered from different squadrons. These results indicate that, although emm6 allelic variants were identified, none increased in frequency during the course of training.
Sic subtyping of serotype M1 organisms. Sic is an extremely polymorphic extracellular protein that is produced predominantly by emm1 GAS [32] . The Sic protein inhibits internalization of GAS by host epithelial cells and opsonphagocytosis and killing by human polymorphonuclear leukocytes, thereby contributing to the abundance of emm1 organisms in disease [13] . A comparative sequence analysis of the sic gene in 12000 emm1 strains recovered from invasive and noninvasive disease episodes identified 304 distinct sic alleles that encode 296 Sic variants [10, [28] [29] [30] 33] . We took advantage of the pronounced allelic variation in this gene to determine whether isolates marked by specific sic alleles spread preferentially and caused disease among the GAS-positive recruits. Consistent with the hypervariable character of the sic gene, 24 sic alleles were identified in the 89 emm1 carrier isolates, including 11 alleles not previously represented in our database. Fifteen and 17 sic alleles were present in the day-2 ( ) and day-30 n p 25 ( ) isolates, respectively, and 8 alleles were shared between n p 64 the 2 groups (figure 2). Eleven (44%) of 25 individuals colonized on day 2 were colonized on day 30 with an emm1 GAS isolate with the same sic allele, representing 7 of 8 alleles shared between the groups. In addition, 4 individuals were colonized on days 2 and 30 by emm1 GAS isolates marked by different sic alleles (figure 3). In 3 of these 4 individuals, the alleles of the paired isolates differed from one another by a single inframe insertion or deletion event. These events should result in structural changes to the Sic protein, a result that is consistent with rapid selection of sic gene variants. These results support our previous results that Sic variants are rapidly selected during mucosal colonization [13, 29, 34] . The sic alleles in the strains from the fourth patient differed by a single in-frame deletion event within the sic coding region and a single nucleotide change within the Ϫ10 region of the sic promoter ( figure 3) . Ten of 25 trainees were colonized with emm1 strains only on day 2.
Of importance, compared with the 89 emm1 carrier isolates collected on day 2 and day 30, far fewer sic alleles were identified among the CPI ( ) and PDTS ( ) emm1 isolates n p 27 n p 21 (figure 2). Six alleles were represented among the 27 CPIs, with the 3 most prevalent alleles (sic1.01, sic1.02, and sic1.13) identified in the day 2 sample accounting for 88% of the isolates. Three alleles (sic1.34, sic1.36, and sic1.300) were uniquely present in the CPIs; that is, these alleles were not represented among the day-2 emm1 isolates. sic1.01 and sic1.02 were also identified as 2 of 3 alleles in the PDTS sample, accounting for 14% and 53% of the isolates, respectively. The third allele (sic1.300) was present in only 4% of the CPIs but was present in 33% of the PDTS isolates. This allele was not present in the day-2 isolates but represented 6% of the day-30 isolates. Taken together, these data indicate that emm1 subclones prevalent at the start of training caused the majority of emm1 disease. In addition, emm1 isolates marked by specific sic alleles not present at the start of training rapidly arose during the course of training. These alleles were defined by nucleotide substitutions and insertion and deletion events that would result in structural changes in the Sic protein [29] and presumably arose by host selection.
Prevalence of emm1 and emm6 isolates within training flights and squadrons. We next examined the prevalence of emm1 and emm6 strains in specific flights and squadrons. As we noted previously, emm6 isolates increased the most in prevalence throughout the surveillance period. Analysis of the emm6 distribution by isolate category indicated that 5 of 6 squadrons (arbitrarily designated A-D and F) had emm6 CPIs, and the number of day-30 isolates increased, compared with the number of day-2 isolates ( figure 4A ). Squadrons C, D, and F also had an increased number of emm6 PDTS isolates, compared with day-2 isolates. In contrast, squadron E did not have any CPI or PDTS isolates, and no increase in day-30 isolates was seen. The distribution of emm1 GAS in all squadrons was also analyzed. As was observed with emm6, there was variation in the distribution of emm1 isolates by category among squadrons (figure 4B). Three squadrons had CPI and PDTS isolates, and 4 squadrons had an increase in the number of day-30 isolates. Squadron A had no CPI or PDTS isolates and no increase in day-30 isolates. There were no emm1 isolates in squadron F. Together, these data indicate that there were multiple occurrences in which emm6 and emm1 isolates increased in prevalence and resulted in a greater burden of illness during the training period.
Distribution of sic alleles in flights and squadrons. We next examined the distribution in flights and squadrons of emm1 subclones marked by 4 abundantly occurring sic alleles (sic1.01, sic1.02, sic1.13, and sic1.300). This analysis was conducted to determine whether sic sequence variation provided additional insight into the epidemiology of how specific strains are spread in the training units, and several observations were made. With the exception of the most abundant sic allele (sic1.01), there was very little sharing of sic alleles between squadrons ( figure 5 ). In addition, isolates cultured from each flight or sibling flight were generally characterized by only 1 sic allele. CPIs and carrier isolates cultured from members of the same flight invariably had the same sic allele. At least 1 [32] . Black arrowheads, insertions; white arrowheads, deletions; R1, R2, and R3, repeat regions; SRR, short-repeat region; SS, signal sequences.
example of apparent interflight dissemination of an emm1 strain occurred that involved the spread of a subclone (marked by sic1.02) from flight 7 to flight 8 (figure 5; flights were arbitrarily numbered 1-13). Another noteworthy observation was that sic variants identified in individuals before and after antibiotic prophylactic treatment of a flight were always identical, which suggests a failure to eradicate distinct emm1 subclones rather than the reinfection of trainees by a subclone disseminated from another flight.
DISCUSSION
GAS emm types and disease. The population of Air Force recruits studied yielded a longitudinal sampling of GAS isolates, which afforded us the opportunity to examine the transmission dynamics of specific emm types and their tendency to cause pharyngitis. Our analysis identified a heterogeneous array of emm types in the day-2 GAS sample, which indicated that new and varied emm types were introduced into individual flights and squadrons over the course of the 6-week training period. Although one might expect that pharyngitis in this population would be caused, on average, by the extensive spectrum of emm types that recruits carry on entry to training, this was not the case. Specifically, we observed that emm6 and emm1 isolates caused a disproportionate amount (150%) of the cases of pharyngitis. The array of emm types present on day 2 resembled the spectrum of GAS circulating in the United States at the time of the surveillance study as identified in a sample of 500 GAS pharyngitis isolates collected from patients in 125 states from 1991 to 1993 [35] . This rules out the possibility that the predominance of pharyngitis caused by emm6 and emm1 isolates was due to a background GAS population composed of rare or "less virulent" serotypes that had a low probability of causing disease. Other studies have reported an increase in the prevalence of specific GAS emm types (including emm6 and emm1) in noninvasive disease or asymptomatic carriage in civilian and military populations [18, 22, 25, 36, 37] . For example, emm6 isolates caused an increase in cases of pharyngitis during the course of a surveillance study of a semiclosed population in Red Lake, Minnesota [38] . The surveillance of a stable urban population of children and adults recently identified a rapid shift in the prevalent emm type causing pharyngitis (from emm1 to emm6) over a few months [12] . In addition, emm1 strains are the most common cause of invasive disease in many geographic areas [5] , a fact that reflects their abundance in noninvasive disease and confirms the enhanced ability of these organisms to spread [9, 10] .
Carriage and spread of GAS. The specific bacterial and host factors responsible for the enhanced ability of strains marked by emm6 and emm1 to disseminate in this population are not known. Studies of Army recruits [23, 24] have found that nasal carriage was critical to the ability of an individual to spread GAS and identified the "dangerous carrier" as an individual who expelled large numbers of bacteria into his or her surroundings. Because nasal cultures were not obtained from the Lackland recruits, we cannot relate our results to the extent or duration of nasal carriage. It is tempting to speculate that individuals colonized with emm6 and emm1 GAS had a higher probability of nasal carriage; however, the Army studies noted above did not identify differences in the serotype distribution between patients with positive and negative nasal cultures. Their analysis included serotype M6 and M1 isolates, which suggests that M protein serotype alone is not predictive of nasal colonization.
The duration of GAS carriage in the respiratory tract also has been identified as an important parameter that influences the probability that a strain will spread. Extensive studies conducted in recruits training at Warren Air Force base in Wyoming [39] determined that the rate of GAS acquisition by a recruit was inversely proportional to the length of time the nearest carrier (as measured by proximity to the recruit's bunk) had been colonized [25] . That a carrier was less efficient at colonizing others the longer they themselves were colonized was later correlated with decreased presence of M protein on the surface of bacteria isolated from the carrier [40] . One possibility to explain the increase in prevalence of emm types 1 and 6 in our study is that individuals colonized with these emm types were colonized for a shorter period of time before entering training, compared with individuals colonized with emm types that did not become abundant. In support of this hypothesis, 4 recruits developed pharyngitis just 2-3 days after the start of training. Three of these patients had pharyngitis caused by emm6 GAS, 1 patient had pharyngitis caused by an emm1 strain, and all 4 individuals were members of squadrons that had overall increases in GAS of the respective emm type. We speculate that these recruits were colonized immediately prior to entering training, developed disease, and were therefore more capable of spreading bacteria to their barrack mates.
Antibiotic prophylaxis and the spread of GAS. The seminal work of Denny et al. [41] demonstrated the utility of penicillin treatment of GAS pharyngitis in preventing rheumatic fever in Air Force recruits and led to the establishment of antibiotic prophylaxis regimens in all branches of the military [21, 22] . The threshold prophylaxis regimen in place at LAFB during the present study called for surveillance throat cultures to be taken from all members of a flight once 3 GAS-positive cases of pharyngitis had been identified in that flight during a 7-day period. The identification of a large number of GAS-positive individuals during surveillance indicates that the appearance of clinic-positive cases within that time frame underestimates the extent of GAS spread in the population. This phenomenon was also observed in a study of GAS transmission in military families, where 30% of family and school contacts were GAS-positive at the time of identification of an index case [42] . If we presume that penicillin eradicates all emm types with equal efficiency and that the probability of penicillin treatment failure is the same for all treated recruits, then one result of the extensive GAS spread prior to antibiotic prophylaxis would be that the prevalence of the more prevalent serotypes in these flights would decrease but Figure 5 . Dissemination of subclones of emm1 group A Streptococcus (GAS) in flights and squadrons. Each line represents the 30-day training period for the designated flight. Dates (shown as day-month) at either end of the line indicate the start and end of training. Each circle represents a recruit who was culture positive for emm1 GAS (black circles) or a recruit presenting to sick call with pharyngitis who was culture positive for emm1 GAS (hatched circles). Colors indicate emm1 GAS strains with sic1.01 (black), sic1.02 (red), sic1.13 (blue), and sic1.300 (yellow). Circles are placed on the line according to the date of GAS isolation. Vertical arrowheads indicate when all members of a flight received GAS antibiotic prophylaxis. Squadron letter designations are the same as in figure 4 . Flights within squadrons were arbitrarily numbered 1-13. not be reduced to 0. As was observed for emm1 GAS spread in flights (figure 5), subsequent antibiotic prophylaxis was unable to eradicate this serotype in all 5 flights that received treatment. Although we cannot rule out a role for noncompliance with oral doses of antibiotic, the persistence of GAS after antibiotic treatment has been implicated in the development of postinfectious sequelae such as rheumatic fever [43] . Additional clinical studies that test different threshold regimens may optimize the timing of prophylaxis and help decrease the spread of GAS in these populations.
Allelic variation and dissemination. Sequencing of the sic gene in the emm1 isolates allowed us to obtain additional insight about subclone dissemination among the flights and their respective squadrons. Similar to the occurrence of many emm types, the recruits had a large array of sic alleles in the day-2 isolates, but relatively few sic alleles were represented among the emm1 disease isolates. The 3 most prevalent sic alleles represented among the CPI isolates were the most abundant in the day-2 isolates, which suggests either that a recruit had a higher probability of being exposed to isolates with these alleles or that these strains had an increased ability to spread and cause disease in this population. Inasmuch as Sic enhances the survival and persistence of emm1 GAS on the mucosal surface [13, 14] , it is possible that these Sic variants conferred an unusually enhanced survival advantage to the bacteria during GAS-host interactions, compared with less prevalent variants. Although additional experiments are needed to test this idea, we note that it has been reported elsewhere [44] that Sic variants can differ in ability to inhibit the adherence of emm1 GAS to human epithelial cells, contributing to the abundance of emm1 GAS in disease. In addition to the spread of sic alleles present in the day-2 isolates, strains marked by specific sic alleles arose during the course of the surveillance, consistent with the findings of previous studies that have identified the mucosa as the site of selection of Sic variants [10, 34] .
Virtually all emm6 isolates cultured from these subjects had the same emm gene allele. In contrast to the sic gene in emm1 strains, there is no known hypervariable gene in emm6 organisms. Hence, we could not obtain more sophisticated insight about emm6 subclone dissemination. We note that the increase of emm6 GAS was not due to the spread of a macrolide-resistant clone (data not shown).
emm type abundance and invasive disease. The relationship between emm types causing noninvasive and invasive disease in the same area has been studied previously [9, 11] . For some emm types such as emm1, the frequency of occurrence of a GAS clone in invasive disease is directly related to the abundance of the clone in cases of pharyngitis and in asymptomatic carriers in the same geographic region [6, 9, 11] . The prevalence of emm6 and emm1 isolates in the LAFB recruit population suggests that, if invasive GAS disease were to occur, these emm types would be responsible. However, no cases of invasive disease were reported during the study period. The threshold prophylaxis regimen in place at LAFB during the surveillance study may, in part, be responsible for the absence of invasive disease. However, despite prophylaxis, ∼25% of the recruits with pharyngitis and those who tested positive during training surveillance remained colonized with GAS at the end of training [26] . The day 30 culture sample had a heterogeneous array of GAS emm types, including many that commonly cause pharyngitis and invasive infections in the United States, Canada, and Europe [2, [45] [46] [47] . This suggests that the rapid dissemination, spread, and persistence of specific GAS types among recruits may contribute to the GAS disease burden during subsequent active duty.
